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ABSTRACT

Emergency Detection System (EDS) and structures review
efforts at MSFC have confirmed that a Saturn V launch vehicle
structural strength problem exists for loss of an engine at max
Qa. For some combinations of wind and engine loss, the '"con-
trolled" case, it was found that vehicle breakup would be al-
most instantaneous. Other combinations, the "uncontrolled”
case, were found to lead to divergent vehicle motion and sub-
sequent loss, but with warning time.

This memorandum discusses the launch vehicle engine-
out loads and responses, critical vehicle stations, and the
program initiated by MSFC to obtain a structural "fix."
Structural strengthening to solve the divergent (uncontrolled)
case is not feasible, however some warning time is availlable
for abort. In the "controlled" case of engine loss at max Qu
it was found that almost instantaneous breakup could be averted
by providing structural strengthening of several joints. An
estimated 110 pound increase in the vehicle weight and a 103
pound loss of payload capability would result in a 1.0 factor
of safety for the peak loads. This change would gain crew
safety warning time. If a larger factor of safety, say 1.4,
were required, a 2,887 pound payload loss would result. It
is concluded that use of the 1.0 factor of safety for this
loading case appears reasonable. The zero margin of safety
requires the following:

a. 95 percentile winds.

b. worst case engine loss at or near max Qa.

c. structural capability no more than design
values -- tests stopped before failure in
most cases.
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sugiect:  Saturn V Launch Vehicle Engine-Out DATE: April 11, 1967
and Ground Wind Structural
Capability - Case 330 fROM: H. E. Stephens

MEMORANDUM FOR FILE

1. INTRODUCTION

The Boeing Company presented the results of a prelimi-
nary Emergency Detection System (EDS) engine-out analysis at the

Sixth Flight Limits Subpanel Meeting on November 9, 1966.l The

results of that study indicated that for certain one engine-out

failures vehicle breakup would occur almost instantaneously.

Control system response, attitude rates and warning times were

also included in the study. Further refinements of the November

1966 results were made and a second briefing given on January 11,
6

1400
19 7,1 (herein referred to as EDS Study).

MSFC, R-P&VE, gave a presentation to Dr. A. Rudolph on
February 27, 1967, covering the latest analyses of one engine-out
and ground wind structural requirements and recommendations for
structural strengthening (herein referred to as Structures Report).
The author attended that presentation.

Continuing efforts are underway at MSFC to investigate
fhe structural loading and capability, EDS limits and warning
times, and control system characteristics for the one engine-out
case at maximum Qa. Although both the EDS Study and Structures
Report indicated a serious structural condition for one engine-
out at maximum Qa, the detailed findings differed, i.e., the most
critical joint. This is attributed to a refinement in assessed
structural capability. This memorandum discusses the launch vehi-
cle loading, structural capability, and recommendations for struc-
tural strengthening.

2. CRITICAL FLIGHT TIME

The maximum aerodynamic bending, which must be counter-
balanced by engine gimballing to maintain programmed attitude
rates, is introduced into the vehicle at maximum Qa. In some wind

lTrip Report - EDS Effectiveness: Status of Saturn V Launch
Vehicle Analyses, Case 320, dated January 12, 1967, by T. F. Loeffler
and M. M. Purdy.
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cenditions, this will result in a net tension load in portions of
the launch vehicle. Loss of an engine, the particular engine
depending on the wind direction, can increase this tension beyond
the structural capability. Once through maximum Qa, although the
compressive axial acceleration load continually increases until

S-IC center-engine cutoff, the bending moments for a nominal

flight decrease. As loss of an engine superimposes additional bend-
ing moments, maximum Qa (approximately T + 70 seconds) is struc-
turally the most critical time for loss of an engine.

3. ENGINE-OUT LOADS

Figures 1 through 3 are included to show in simplified
form the impact on structural loading of loss of an engine at
maximum Qo. Figure 1 represents the loading condition just prior
to loss of an engine. As illustrated, the aerodynamic 1lift force
tends to rotate the vehicle clockwise about the CG, Ma. To coun-

teract this moment, the engines are gimballed to provide a counter-

clockwise moment Mg - (NOTE: Ma and MB will not be equal as some

transients in attitude rates (angular acceleration) will be permit-
ted when passing through maximum Qa.) This vehicle loading is anal-
ogous to a beam in which compression is introduced at the top and
tension at the bottom. The bending load is superimposed on the
axlal compressive load caused by drag and longitudinal acceleration.
In some nominal flight conditions, the bending stress will exceed
the axial compressive stress and a net tension will be present.

This situation is illustrafted in Figure 1.

Figures 2 and 3 show the added (unbalanced) moment
caused by loss of an engine, but before engine gimbal correction.
The wind direction establishes the relative velocity vector and
hence the plane in which the angle of attack, a, lies. This "a"
plane determines which specific engines are the most critical.

As shown later, worse case wind directions were chosen so that «
would be in either the 2-4 or 1-3 engine planes. Hereinafter,
loss of the engine on the same side of the longitudinal axis as

o is referred to as the "controlled" case and the opposite engine
as the "uncontrolled" case.

The "controlled" engine loss case is shown in Figure 2.
Loss of the engine reduces the counterclockwise engine gimbal mo-
ment, Mg, to approximately three-fourths of its value prior to
engine loss. The unsymmetrical longitudinal engine thrust now
introduces a counterclockwise disturbing moment, MEO' This moment

MEO is significantly greater than the reduction in MB’

in an unbalanced counterclockwise moment approximately equal

to MEO—AMB‘ For structural loading, the acceleration forces

generated are equivalent to applying a static moment that will

resulting
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increase the tension loads on the bottom of the vehicle forward
of the CG. The tension capability is almost instantaneously
exceeded at certain vehicle stations. To obtain control of the
vehicle, in simplified form, the engine gimbal angles must be
changed to create a clockwise moment equal to MEO - Ma. This

means shifting B to the opposite side of the longitudinal axis.
The "uncontrolled" engine loss case is shown in Fig-
ure 3. In this case, the engine-out disturbing moment, MEO’ is
in the same direction as Ma. Initially, the tension load is re-
lieved and only compression is present at the critical joints.
The engines must be gimballed an amount to counterbalance MEO +

with three engines. This case has been shown to lead to diver-
gent attitude rates with an increase in o and tension loads.
The response for this case 1s favorable in that some warning
time for an abort is present.

4. EDS STUDY

Some of the aspects of the EDS Study that relate to
the Structures Report are covered below.

a. Wind Conditions

Two directional wind loading cases were used. These
were:

(1) 41 knots (21 meters/second), 27°. With reference
to paragraph 3, #1 engine is the controlled case
and #3 engine the uncontrolled case.

(2) 135 knots (69 meters/second), 297°. With refer-
ence to paragraph 3, #2 engine is the controlled
case and #4 engine the uncontrolled case.

b. o Vs B curves

Initially, structural criticality was evaluated by
use of o vs B8 1limit curves. A typical o vs B limit curve for
station 2747 (S-IVB Aft separation joint) is shown by Figure 4.
The a vs g 1limit curves will vary by station. As a refinement,
the dynamic response, including bending and axial loads, was
computed by the Boeing Company Saturn V Flight Dynamics Digital
Program. As would be expected, there was not complete agreement
with the o vs B limits. As a result, the refined loads from the
Flight Dynamics Program rather than the a vs B curves were used
as the failure criteria.

M

o}
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However, it is noted that the o vs B curves remain of value.

A tabulation of the equations used for this Flight Dynamics
Program are available from the author. It is noted that 19
pranels along the length of the vehicle for summing the aero-
dynamic forces and 51 mass concentrations points are used.
This program also permits the use of a flexible body analysis,
as well as that of a rigid body, and has provision for injec-
tion of simulated malfunctions. A profile of vehicle motions,
rates and structural loads i1s provided. Typical attitude rate

and structural tension load output curves are shown in Figures
5 and 6.

¢. Critical Joint

The first EDS Study work determined vehicle station
1848, S-IT common bulkhead bolting ring, to be the most criti-
cal joint; whereas the Structures Report did not include this
as a critical jJoint. This 1s attributed to a significant re-

vision upward of station 1848 capability from that used in the
EDS Study.

d. Continuing Work

The prime purpose of the EDS Study effort i1s not to
solve the structural problems. Rather, it is to investigate
vehicle dynamics behavior, attitude rates, stability problems,
warning times, and control systems. Nevertheless, the EDS
Study work is dependent on assessed structural strengths and,
likewise, the Structures work dependent on the output from the
EDS Study. In discussions with MSFC personnel, the author
found that in fact these two efforts were being cocrdinated
and worked together. The EDS Study is a continuing effort.

5. STRUCTURES REPORT

The Structures Division, R-P&VE, MSFC, has an effort
underway to review the Saturn V structural capability to with-
stand an engine-out at maximum Qo. This effort also extends to
the ability to withstand a 65 knot ground wind while on the
launch pad. The scope of this work includes a redefinition of
vehicle loading, reassessment of vehicle structural capability,
identification of critical points and possible fixes, and ini-
tiation of a program leading to a "fix."

a. Wind Conditions

As noted in paragraph 4, 41 and 135 knot directional
winds were considered in the EDS Study. In assessing the struc-
tural capability, the wind loadings are further related to de-
sired factors of safety. The Structures Report considers a maxi-
mum wind velocity of 146 knots, compared to the 135 knots used
in the EDS Study.
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Loading information was generated and the structural
capability examined for four cases of engine-out at maximum Qa,
which are:

146 knots (75 meters/sec); factor of safety 1.4
146 knots; factor of safety 1.0

88 knots (45 meters/sec); factor of safety 1.4
88 knots; factor of safety 1.0

The 1.4 factor of safety means that the ultimate
strength at which the vehicle will break up is 1.4 times the
loads expected; in this case, the loads after loss of an engine
at maximum Qo. A 1.0 factor of safety means that the structure
will just take the expected load without breakup, any greater
load causing failure. Also, ylelding of the structure will oc-
cur under the expected load.

The 146 and 88 knot cases represent the same actual
wind, but with trajectory bias considered in the 88 knot case.
With trajectory bilas in the pitch plane, attitudes are programmed
for the mean wind corresponding to the planned month of launch.
That is, the attitude pitch is aligned into the wind for a crab-
bing type motion. By taking advantage of trajectory bias for a
mean wind, MSFC found that the 146 knot wind could be handled
by an equivalent 88 knot wind loading rather than the full 146
knots.

b. Loading Information

Axial load, bending moment, and flexural response in-
formation was generated for different vehicle stations tc estab-
lish new design load profiles.

A typical response curve 1is shown in Figure 7 for sta-
tion 2832 (S-IVB LH2 tank to aft skirt). The controlled vehicle

response curve (left side) is for the engine-out case illustrated
in Figure 2. As can be seen, in Figure 7, there is a rapid build-
up in tension load to a peak with a subsequent gradual decrease.
The general shape of the curve 1s determined by the vehicle and
control system responses. The oscillations in the curve are due
to excitation of vehicle flexure modes. If it is possible to get
the vehicle past the first peak, 1t can withstand the subsequent
loading. The uncontrolled vehicle response curve (right side
Figure 7), is for the engine-out case illustrated in Figure 3. 1In
this case, there is not an instantaneous buildup of tension loads,
but a divergence in vehicle attitude rates with a continuing load
increase. Again the oscillations in the curve represent excita-
tion of vehicle flexure modes.
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As seen in Figure 7, there 1s little similarity between
the controlled and uncontrolled cases. In the controlled case,
there is a rapid buildup of tension followed by a gradual decrease,
whereas in the uncontrolled case there is a divergence and con-
tinued load increase. However, in the uncontrolled case there 1is
warning time available before the structural loads approach the
ultimate strength. Providing adequate strength to withstand the
ultimate uncontrolled case load appears to be out of the question.
That problem is being investigated by the EDS Study from the aspect
of warning times and possible control system changes and a discus-
sion of that effort is not part of this memorandum. The structures
review effort is being addressed to the controlled case and fo pro-
viding sufficient strength to withstand the first (maximum) peak in
the vehicle loading. That peak 1s presently predicted to occur
within a fraction of a second and without sufficient warning time
for crew abort. o

The vehicle moment load profiles generated as a basis
for a review of the structural capability are shown in Figure 8.
The present design moment profile 1s included, as well as the
new ones for the engine-out cases with and without wind bias.
The relative severity of these moment curves is illustrated by

their maximum bending moments, which are:

Maximum Bending

Case Moment in-1bs
Design criteria 270 x 106
88 knot wind, one 415 x 106

engine-out

146 knot wind, one 510 x lO6

engine-out

Figure 9 shows a breakdown of the moment curve of
Figure 8 for a 88 knot wind into its components; these belng
engine~out static and dynamic moments, bending moments due to
a and B, and a dynamic moment due to wind (gusts). The engine-
out dynamic moment shown in Figure 9 is due to excitation of the
vehicle flexure modes (oscillations shown in Figure 7). A
significant portion of the bending moment in the top portions
of the vehicle, where many of the structural weaknesses were
found, is attributable to this dynamic moment.

Responses from the first four bending modes and the
wind gust loading were superimposed as if in phase in the MSFC
Structures Study. Although this direct superimposition could
be conservative, in the actual case this should provide a slight
margin of safety, particularly where a 1.0 factor of safety is
used.
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The axial loads are combined with these bending moments
(similar to that shown in Figure 1) to obtain the maximum tension
and compression loads at each station of the vehicle.

c. Strength Capability

A reassessment of the tension and compression capabil-
ities of the various joints and sections of the vehicle has been
made. In so doing, design loads, analysis, and structural test
information were considered. Tables I through IV, taken from the
Boeing Company SA-501 Structural Integrity Report of February 6,
1967, give a summary of the structural test program including the
percentage of the 1imit load* to which the components have been
tested. 1In some cases, the components were tested to the design
1.4 factor of safety without failure occurring. As those tests
were to demonstrate that the design factor of safety had been
achieved, they were stopped at that point and not taken to de-
struction. Conceivably, there may be some margin of safety¥#
at the critical joints. The exact amount of any margin of safety
is unknown and should be determined. If it is found that any of
the joints have a margin of safety beyond the design factor of
safety, the structural "fix" for an engine-out capability would
be easier.

Figures 11 and 12, also taken from the Boeing February 6,
1967, SA-501 Structural Integrity Report, summarize the assessed
compression and tension capabilities respectively for SA-501 in
pounds per inch of circumference. The assessed compression capabil-
ity is based entirely on test information, whereas the tension
capability is based primarily on design and analysis.

The structural capabilities shown are for SA-501. In
determining the profile for SA-504 and subs, allowance is made for
those sections and joints whose configuration and design factor of
safety have changed. Less test information is available on the
SA-504 and subsequent configuration than for SA-501.

¥Limit Load - Limit load is the maximum load calculated to
be experienced by the structure under the specified conditions of
operation. In this instance, based on the Design Moment curve
of Figure 8.

¥*Margin of Safety - As used here, margin of safety means the

Actual Ultimate Strength - 1.4
Timit Load )
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d. Critical Joints (General)

The factors of safety for the different cases considered
were determined by dividing the structural strength capabilities
by the generated loads. For the joints where this figure was less
than the desired factor of safety (negative margin of safety) a
preliminary estimate was made of the increase in vehicle weight
required to bring the factor of safety up to that desired.

Table V is the R-P&VE tabulation of the results of such
a review for a 146 knot (75 meters/second) wind and 1.4 factor of
safety. The vehicle was found to be critical in compression through-
out and in tension in the S-II and up. It was estimated that for
a factor of safety of 1.4, vehicle weight would increase by 19,280
pounds with a payload loss of 8,754 pounds. This represents the
extreme case; that 1s, increasing the structural capability to
1.4 times the expected engine-out loads without consideration of
trajectory bias.

Table VI gives the results for the 146 knots (75 meters/
second) and 1.0 factor of safety case. The 1.0 factor of safety
means that the ultimate structural capacity is the same as the
maximum expected loads. The vehicle was found to be critical in
tension at eight locations and in compression at one location.

It was estimated that for a factor of safety of 1.0, the vehicle
welght would increase by 380 pounds with a payload loss of 296
pounds.

Table VII gives the results for the 88 knots (45 meters/
second) and 1.4 factor of safety case. As was found for 146 knots
and a 1.4 factor of safety, the vehicle was generally critical in
both compression and tension. It was estimated that for a factor
of safety of 1.4, the weight would increase by 4,356 pounds with
a payload loss of 2,887 pounds.

Table VIII gives the results for 88 knots (45 meters/
second) and a 1.0 factor of safety. 1In this case, the vehicle
is capable of withstanding the compression loads, but is critical
in tension at six locations. For a factor of safety of 1.0, the
estimated weight increase and payload loss are 110 and 103 pounds
respectively.
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The weight increase and payload loss for these four

cases are summarized as follows:

Knots
(Wind)

146
146
88
88

Weight Payload
Desired Factor Increase Loss
Meters/sec of Safety (pounds) (pounds)
(75) 1.4 19,280 8,754
(75) 1.0 380 296
(45) 1.4 7,356 2,887
(45) 1.0 110 103

Specific Critical Joints (88 knot wind, F.S. 1.0)

The following locations were found to be critical for

thlis controlled engine-out case.

(1) IU, Upper Ring (Station 3258) (SLA Interface)

The amount of bond area between the inboard ring
flange of the IU upper ring and the inboard skin was
found to be critical. An increase in the length of
the inboard ring flange and bond area is required.

(2) IU/S-IVB Interface (Station 3222)

The IU and the S-IVB forward skirt are joined by
internal bolting ring flanges. When tension is applied
to the joint, the rings act as cantilever beams between
the bolting circle and the outer skin. The dimensions
are such that under a tension load, the flange on the
S-IVB forward skirt becomes critical in bending. One
way that this could be rectified would be to rivet
tension straps across the outside of the joint. Such
a procedure has the distinct disadvantage that the
IU and S-IVB could not be readily demated. Other
possible fixes, such as reinforcing bathtub fixtures
on the S-IVB side, are to be 1nvestigated.

(3) S-IVB LH, Tank/Aft Skirt Joint (Station 2832)

2

The bolting ring flanges are critical in tension
in the same manner as for the IU/S-IVB forward skirt.
A possible fix would be to place washers, or rings,
under the bolt heads and nuts to stiffen the flanges.
Other methods are to be investigated.
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(4) S-IVB/S-II Separation Plane (Station 2746)

Tension loads across the separation plane are
carried by a tension band located on the outside of
the linear shaped separation charge. In staging, this
band is severed by the shaped charge. It was found
the band does not now have enough cross sectlon area
to carry the engine-out tension load. A proposed fix
is to increase the thickness of the tenslon band to
provide the required cross section area. Whether the
required band thickness is within the range that can
be severed by the shaped charge is questionable at
this time. This is to be investigated, along with
whether a new gualification program will be required
for the revised configuration.

(5) S-II Separation Planes (Stations 1760 and 1564)

TV

The same type problem as for the S-IVB aft skirt/
interstage separation plane (station 2746) exists
at the two S-II separation planes, except that tension
straps rather than a band are used. It appears that
the required cross section area can be obtained by
increasing the width of the present tension straps.
If so, this should not lead to shaped charge quali-
fication problems.

(6) S-IVB/S-II Interface

Although not included in Table VIII, later infor-
mation indicates that the bolt diameter at station 2519
will be increased.

. MSFC Course of Action

MSFC is proceeding with the following plan to obtain a
structural fix for the engine-out case:

(1) By use of panel tests, structurally test the
following tension joints of the SA-504 configuration
to ultimate strength (5 samples each location):
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Station # Location

3258 IU to SLA

3222 S-IVB to IU

3100 S-IVB LH2 tank to S-IVB forward skirt
2832 S-IVB LH2 tank to aft skirt

2747 3-IVB separation plane

1760 S-II forward separation plane

1564 S-IT aft separation plane

(2) Use a factor of safety of 1.0 rather than 1.4 and
an 88 knot (45 meters/second) wind rather than 146 knots
(75 meters/second).

(3) Have contractors evaluate the joints based on
these loads and recommend theilr fix and any required
additional tests.

6. GROUND WIND

The vehicle (504 and subs) has been examined for its
capability to withstand a 65 knot peak ground wind at the 60 foot
level while standing on the launch pad. A desired 1.4 factor
of safety was used and both the empty and fueled conditions with
damper installed were considered.

a. Empty Vehlcle

The bending moment profile for this case 1s shown in
Figure 10. As shown, the compression capability of the forward
portion of the S-IT LH2 tank is marginal. This can be alleviated

by a change in the operational procedure to maintain a 5 psi pres-
sure, vice 3.5, in the tank under this condition. The S-II dual
separation planes were found to be critical in tension, as was

the case for the engine-out condition. If the necessary strength
is provided in these straps to withstand the 88 knot, 1.0 factor
of safety, engine-out case, a 1.4 factor of safety for this ground
wind will also be provided. Of the two separation planes, the

aft one is the more critical. It presently has a 1.0 factor of
safety for this loading condition, while the forward S-I1 separa-
tion plane has 1.35.
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b. Fueled Vehicle

It was found that the vehicle has a 1.4 factor of
safety without modification or change in operational procedure.

7. DISCUSSION/CONCLUSIONS

a. EDS Study

The EDS Study pointed up that structural problems
exist for the engine-out case at maximum Qa. A separate, but
related, "structural fix" program has been initiated. This EDS
effort is continuing with respect to EDS parameters and flight
crew safety.

b. Structures Review Effort

(1) Engine-0Out

The structural capability has undergone pre-
liminary examination to determine the amount of
strengthening required to withstand engine-out loads
with factors of safety of 1.4 and 1.0. The "con-
trolled" case with a 1.4 factor of safety represents
strengthening the vehicle to the extent that loss
of an engine would not jeopardize continuing on with
at least an alternate mission. As noted, this would
result in an estimated 8,754 and 2,887 pound payload
loss for the 146 and 88 knot wind cases, respectively,
as well as some redesign of the vehicle. The payload
loss alone is serious. Impact of a vehicle redesign and
consideration for the uncontrolled case (Figure 7) are
also important factors. Strengthening would not pro-
vide a 1.4 factor of safety for the uncontrolled case,
which, however, is predicted to provide warning time
before breakup. -

The 1.0 factor of safety means that the structure
will be stressed right up to its ultimate capacity to
withstand the engine-out loads. The amount of struc-
tural strengthening required is based on the structural
load first peak in the controlled engine-out case
(Figure 7). It does not provide capability to with-
stand the eventual buildup in structural loads for the
uncontrolled engine case. This 1.0 factor of safety
then does not provide complete assurance that the
flight can continue. Rather, it is intended to provide
warning time for crew safety in the controlled engine-
out case.
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Many factors must be considered in determining
the acceptabllity of the 1.0 factor of safety in view
of the tremendous payload losses of the 1.4 factor of
safety. Some of these are:

(1) Probability that the 95 percentile wind will
prevail for the flight.

(2) Probability of loss of an engine.

(3) Probability that the engine will be lost at
max Qo.

(4) If an engine is lost at max Qo, the probability
that it will be the worse case engine.

(5) Conservatism, or inherent margin of safety,

in the predicted vehicle loading, response,

and structural capability.

The "fix" to accommodate the 6 knot wind is
accomplished entirely by structural strengthening.
On the other hand, the 88 knot "fix" allows for
trajectory bias. Payload loss is very similar, being
296 pounds for 146 knots and 103 pounds for 88 knots.
In both cases, the tension band cr straps at separa-
tion planes are critical in cross section area.
Staging requires that these be severed by the linear
shaped separation charges. Even in the 88 knot wind
case, the new required thickness of the S-IVB aft
skirt/interstage tension band is near the 1limit
thought capable of severence by the present separa-
tion plane/charge design. A requalification program
may be required. To increase this thickness to that
required for the 146 knot wind would surely lead to a
redesign. Also, no compression "fix" is required for
88 knots. Although the paylocad loss is similar for
the two wind cases, the structural "fix" for 88 knots
is simpler with less impact.

1N T h
Il ia

There 1s some slight conservatism 1n the deter-
mination of the loads used for the 1.0 factor of safe-
ty engine-out case. For example, the first four flex-
ure modes were evaluated and these and the wind gust
loading superimposed as if in phase. Loss of the worst
case engine for the wind direction and at the most crit-
ical flight time, maximum Qa, have been used. In
establishing the joint strengths, capabilities larger
than either the design load or the load to which the
joints had been tested were not used. As shown in
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Tables I through IV, in many cases the structural
tests were only up to the design factor of safety
for design verification, not to ultimate capacity.
some of the joints may have an actual ultimate load
greater than the design 1limit. If so, this could
conceivably reduce the structural "fix" required or
might even provide a factor of safety greater than
1.0. As noted above, MSFC is proceeding with panel
tests of the critical joints. The sample of five
tests for each location should adequately define the
joint capabilities and verify the proposed "fixes."
MSFC has also started the stage contractors ana-
lyzing the joints in depth for determination of

the best possible "fix."

(2) 65 Knot Ground Wind

This was discussed in paragraph 6. In summary,
increased width of the S-II dual separation plane
tension straps (which is also required for the 88
knot, 1.0 factor of safety, engine-out case) and an
increase of the S-II empty LH2 tank pressure from

3.5 to 5.0 psi will give a 1.4 factor of safety for
the empty vehicle. As presently configured, the vehi-
cle has a 1.4 factor of safety while standing on the
pad in the fueled condition in the same wind.

c. Conclusions

Based on the above discussion, it is concluded that:

(1) Use of a 1.0 design factor of safety in deter-
mining the structural fix for the controlled engine-
out case appears justified. Under the worst case
loading, the structure will be worked up to its ulti-
mate strength with significant yielding. This would
preclude continuing on with even an alternate mission.
It will, as intended, provide warning time for crew
safety. Serious payload losses would result if the
vehicle were strengthened to a 1.4 factor of safety
for the controlled engine-out case. Even so, this
would not necessarily preclude vehicle loss in the
uncontrolled engine-out case.
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(2) The program defined and initiated by MSFC will
lead to a "fix" for the controlled engine-out case.
Determination of ultimate strengths by the panel
tests included in the program is necessary. A
serious payload loss is not expected to result from

the "fix."
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I. VEHICLE 1S EMPTY AND EXPOSED TO
65 KNOT WIND AT 60 FOOT LEVEL.

2. DAMPER INSTALLED.
DAMPING = 3.5%

3. MOMENT CAPABILITY FOR F.S. = I.4
OPRESENT CAPABILITY

OPREDICTED CAPABILITY AFTER FIX

o
COMPRESSION CRITICAL

L L L L | | 1

50 100 150 200 250 300 350x 106
BENDING MOMENT - IN LBS.

FIGURE 10 - SATURN V (AS-503, 504 & SUBS) GROUND
WIND BENDING MOMENT VS. STATION
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